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FOREWORD

The Vacuum Advance Disconnect (VAD) technique is an exhaust emis-
sion control method presently being applied to pre-1966 Model
Year (uncontrolled) cars in California. In conjunction with
other techniques VAD is also a proposed method for emisgion con-
trol on 1966 to 1970 (controlled) Model Year vehicles. The terms
"controlled" and "uncontrolled” refer to the presence or lack of

exhaust emission control systems on cars delivered in California.

The Air Resources Board (ARB) staff and the Technical Advisory
Committee (TAC) have presented estimates regarding the immediate
benefits if a suitable "used car" device were available, and the
subject device was immediately installed on a large number of all
of these vehicles. The California Legislature has passed a bill
which will require all 1966 and newer vehicles to have a device

by 1973, which controls oxides of nitrogen.

VAD devices have been tested from an emissions effectiveness
point of view and have proven effective. However, doubts have
been raised about driveability and operational problems that may
be created after installation of VAD devices. The Northrop Cor-
poration, Electro-Mechanical Division, in association with Olson
Laboratories, Inc., was selected to perform the temperature test-
ing and analysis of the vacuum advance disconnect exhaust emis-
sion control study to evaluate the temperature effect of VAD on
vehicles. Standard Agreement Number ARB-1086 was consummated on

5 May 1972.
This report documents the results and analysis on the testing of

one hundred (100) uncontrolled and one hundred (100) controlled

vehicles.
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SECTION 1

INTRODUCTION

The purpose of this study was to examine the temperature changes
on vehicles after their vacuum advance circuits were disconnected.
The technigque which was evaluated was straight vacuum advance dis-
connect without any thermal override or other method of modulating
the VAD. Previous studies indicated that an appreciable amount of
exhaust emission can be reduced by disconnecting the vacuum ad-
vance at the appropriate time of the driving cycle. Two emission
control devices are presently certified in California utilizing
this principle. These devices included programmed thermal over-
ride based on monitoring coolant system temperatures. The same
degree of emission effectiveness can be achieved by simply dis-
connecting the vacuum advance on uncontrolled vehicles. However,
doubts have been raised about the vacuum advance disconnect (VAD)
as to the resulting boil-over and valve damage which may be en-
countered if the vacuum advance is disconnected under all oper-

ating conditions.

This report documents the results of testing 100 controlled and
100 uncontrolled vehicles. The test utilized a constant 50 mph
loaded condition (as defined in section 3.2.1) and idle test at
800, 900, and lOOo F environments. Temperatures at various lo-
cations on the vehicle were compared with and without the vacuum

advance disconnected, and statistical analyses of the data were

performed.



This study was performed under contract to the State of California,

Air Resources Board, Standard Agreement ARB-1086. The report was

compiled by the Northrop Corporation Environmental Systems, in
association with Olson Laboratories, Inc., at Anaheim, California.



SECTION 2

SUMMARY

2.1 PROGRAM NARRATIVE

Based on the present California vehicle population, one hundred
(100) each randomly selected, controlled and uncontrolled vehi-
cles of various makes, engine size and model year, were selected
from those previously tested and serviced in the Mandatory Vehi-
cle Emission Inspection and Maintenance Study. FEach vehicle was
then checked and/or adjusted to the manufacturer's specifications.
Thermocouples were installed at the following locations to record

the temperatures:

{a) In front of the radiator for ambient air intake
temperature.

(b) At the air cleaner inlet for carburetor air in-
take temperature.

(c¢) At the radiator inlet for coolant water in tem-
perature.

(d) At the radiator outlet for coolant water out
temperature.

(e) At the end of the oil dip stick for engine oil
temperature.

(f) At the wall of the heat-riser pipe for exhaust
gas temperature.

(g) 1Inside of the tailpipe for exhaust gas tempera-
ture.

Baseline temperature tests (with vacuum advance connected) at am-

bient temperatures of 800, 90° and 100° F in a controlled temper-



ature environment were performed at 50 mph and at idle. The base-
line.test was alternated with the identical procedure after dis-
connecting the vacuum advance. At the end of the tests, the ve-
hicle was removed from the dynamometer and thermocouples discon-
nected. After being restored to its original condition, the car

was returned to its owner.

2.2 RESUILTS

Detail discussion on temperature differences due to vacuum advance

disconnect follows in Section 3.3 and is summarized here.

e Ten of the controlled vehicles boiled over; 70% of
the boilovers can be attributed to the the VAD
(Table 2-1).

@ Eighteen of the uncontrolled vehicles boiled over;
33.3% of the boilovers can be attributed to the
VAD (Table 2-1).

e One vehicle exhibited an excessive increase in ex-
haust gas temperature with VAD which forced the

termination of the test.

® Two vehicles exhibited an excessive increase in
o0il temperature with VAD which forced the termina-

tion of the test.

e Average exhaust temperatures increased approxi-
mately 9.5% with VAD under load, and about 5.6%
with VAD at idle. They were slightly higher for



controlled than forvuncontrolled cars with ﬁhe ex-—
ception of exhaust pipe wall temperature at idle
for controlled cars which increased only 4%. Av-
erage baseline temperatures and average differ-

ences with VAD are shown in Table 2-2.

For controlled vehicles, the coolant temperature

did not show significant variation.

Engine oil temperatures decreased slightly when

vacuum advance was disconnected.

Monitored temperatures generally increased as the

ambient temperature increased.

Nine percent (9%) of the controlled group and 19%
of the uncontrolled group were found to have in-
operative vacuum advance mechanisms in the "as re-

ceived" condition.



Table 2-1.

SUMMARY OF VEHICLE BOIL QVERS

VEHICLE
NUMBER

GROUP

80°F

90°F

100°F

Baseline

With VAD

Baseline

With VAD

Baseline

With VAD

122
128
130
131
13k
146
153
15h
184
188

Controlled

,x_

007
017
021
028
030
039
Olily
053
058
059
066
068
069
078
080
084
088

097

Uncontrolled

* Boil over.




Table 2-2.

TEMPERATURE DIFFERENCES WITH VAD

SUMMARY OF AVERAGE BASELINE TEMPERATURES AND SUMMARY OF

CONTROLLED CARS

UNCONTROLLED CARS

Baseline Temperature Baseline Temperature
Temperature Difference Temperature Difference
W/0 VAD With VAD W/O VAD With VAD
Exhaust Loaded T48 .48 75.24 697.34 56.36
Temperature
at Heat
Riser Tdle 536.28 19.15 453,49 05,68
Loaded 593.35 67.88 578.34 45 .48
Exhaust
Temperature
at Tailpipe
Tdle 350.78 25.89 310.30 19.17
Toaded 196.43 0.65 193.54 1.7k
Coolant
in
Temperature
Tdle 216.24 1.15 213.86 l.27
Ioaded 186.08 0.39 182.73 -1.63
Coolant
out
Temperature
Idle 204 .58 1.20 202,23 0.94
Loaded 237.62 -1.83 2h1.01 -4 12
011
Temperature
Idle 232.39 -0.70 231,04 -2.83




SECTION 3

TECHNICAL REPORT

To evaluate the temperature effects resulting from inhibiting the
vacuum advance on vehicles, it was necessary to perform tempera-
ture comparison testing before and after the modification was
made. Northrop Corporation, in conjunction with Olson Labora-
tories, Inc., conducted this comprehensive temperature testing
program. Major phases of the program are discussed below. For

clarity and convenience, the technical report is divided into the

following sub-sections:

® Vehicle selection and acquisition
e Engine temperature evaluation testing program description
® Program evaluation and results

e Conclusion

3.1 VEHICLE SELECTION AND ACQUISITION

During the 1320-vehicle test program recently completed as part
of the total Vehicle Emission Inspection and Maintenance Study,
some of the vehicles were volunteered by Northrop employees.
Based on California vehicle distribution, the required 1320 ve-
hicles were selected, tested, serviced, and evaluated. When re-
leased from the program, each of these operated within the emis-
sion limits established for the overall program. Those requiring
corrective action were retested and qualified. Consequently, all

vehicles were eligible for application to this program. A few



vehicle types were not available from the previously tested sam-

ple, but a wide selection was still available from other EPA

test programs. The one hundred controlled and one hundred uncon-
trolled vehicles were thus conveniently obtained thereby minimiz-

ing program cost.

Table 3-1 presents a tabulation of the vehicle mix used for this

test program. Table 3-2 shows the selection by engine class.

The vehicles used were generally in good mechanical condition, al-
though some repairs and adjustments were necessary. All vehicles
entering the temperature test were adjusted to manufacturer's
specification. In addition, all radiator caps and vacuum advance
diaphragms were inspected to insure meaningful test data. Defec-

tive radiator caps and vacuum diaphragms were replaced.

The participants in this program received a $10.00 cash incentive
in addition to the necessary adjustment and repair. An overnight
loan car was also provided. The test vehicles were returned to.

their owner the next day immediately after testing.

Early models of six-cylinder Ford products and pre-1966 Volks-
wagens were excluded in this program because these models lack
the centrifugal advance devices. Since all advances on these ve-
hicles are provided by the distributor vacuum, disconnecting such

devices may have damaged the engines.



Table 3-1. THE 200 - VEHICLE SAMPLE FOR VAD TEMPERATURE PROGRAM

MAKE MODEL TO 69 68 67 66| TOTAL| 65 64 63 62 61 60-57| TOTAL
BUICK 1 1 1 1 1 5 1 1 1 3 1 7
Special 0 2 2
CADILLAC 2 2 1 1 2
CHEVROLET 2 3 1 2 1 9 2 2 3 2 2 2 13
Chevelle 1 1 2 3 3
Corvair 0 0
Chevy II 1 1 1 3 2 4 6
Camaro 1 1 1 3 0
CHRYSLER 1 1 1 3 1 1 2
DODGE 1 3 2 1 7 1 1 1 3
Dart 1 1 1 2 3 6
FORD 3 3 2 21 10 2 2 4 1 9
Falcon 0 1 1 2
Fairlane 1 1 2 1 1
T-Bird 2 2 1 1 2
Mustang 1 1 1 2 5 2 2
MERCURY 1 1 1 3 2 1 1 i
Comet 0 1 1 2
Cougar 1 2 1 1 5 o)
Lincoln 0 1 1
OLDSMOBILE 1 1 11 1 1 4
F-85 1 11 2 5 1 3 1 5
PLYMOUTH 1 2 1 1 1 6 2 2 1 5
Valient 1 1 1 3 101 2
PONT'TAC 1 1 1 1 Iy 2 1 2 5
Tempest 1 2 1 i i1 1 1 L
Firebird 0 0
AMERICAN MOTORS 1 2 3 1 2 3 1 T
VOLKSWAGEN 1 1 2 0
P/Cc-6 1 1 0
Toyota i 1 1 1 1 5 0
Datsun 1 3 L 1 1
TOTALS 16 25 2bh 17 18| 100 {25 20 29 12 T 7T 100




3.2 ENGINE TEMPERATURE EVALUATING TESTING PROGRAM DESCRIPTION

3.2.1 Background

To provide realistic results, the test or driving cycle chosen
for temperature evaluation must simulate portions of the road
loads and speeds encountered by the average motorist. There are
many conditions which tend to stress the engine (such as stop-
and-go city driving on a warm day, hill climbing on regular in-
terstate highways, and prolonged idling or stopping after a mod-
erate to heavy road load operation). A logical, simple and re-
peatable test was desired, which would relate to some or all of
the "real world" stresses which the vehicle population would en-—

counter.

A steady-state condition, which could be economically simulated
in the laboratory was chosen. It provided repeatable and mean-

ingful temperature data.

The test is a 50 mph steady-state operation, simulating an uphill
grade. The Division of Highways indicates that present day high-
ways are designed for a maximum grade of 6.44 percent. Such a
grade occurs on Interstate 5 at Grapevine. During summer months,
many vehicles overheat when climbing this grade in daylight hours
when high temperatures prevail. Fewer vehicles overheat in stop-
and-go city traffic in similar temperatures. Hence, a driving
cycle to simulate hill climbing appeared both to be the most
severe test of heating load and the most desirable for test imple-
mentation. Since different vehicles will handle different load
conditions without significant change in full advance, some tests
were performed to determine the load at which the vehicles should

be operated.



An investigation of road horsepower requirements for a 3,000 pound
vehicle climbing a three percent grade at 50 mph yielded the fol-

lowing results:

HE = 550v£tL; viT];)/sec
_ (5/6 x 88 ft/sec) (3 f£t/100 ft) (3000 1b)
550 £t - 1b/sec
= 12 HP
Where: V = Velocity in feet per second

L = Grade lift in feet per hundred feet

W = Vehicle weight

To this the horsepower due to wind resistance and rolling friction
must be added. This value for wind resistance is approximately

6.7 HP for a 3,000 pound vehicle.

A test on a 1969 Plymouth Valiant weighing 3,000 pounds was per-—
formed on the roll dynamometer in the laboratory. The car was
equipped with a 6-cylinder engine rated at 115 HP. The purpose
of this test was to determine the distributor vacuum available at
6.7 HP (level road), 18.7 HP (3 percent grade), and 30.7 HP (6
percent grade) all at 50 miles per hour. Results of this test
are shown in Table 3-3. As can be seen, nearly full advance
occurs at level road and three percent grade conditions. However,

at six percent grade, the advance dropped from 30° to 17°.



Table 3-2.

VEHICLE SELECTION BY ENGINE CLASS

CID 200 250 300 350 400
UNDER to to £0 to and TOTAL
VEHICLE
o 200 2kg 299 3k9 399 Up
Controlled 12 L 1k 21 3k 15 100
Uncontrolled 18 11 20 16 26 9 100
Table 3-3. TEST RESULTS PERFORMED TO DETERMINE THE VEHICLE LOADING
(1969 Plymouth Valiant, 115 HP, 170 Cubic-Inch, 6-Cylinder)
ROAD PERCENT DISTRIBUTOR TIMING
MPH HP GRADE VACUUM DEGREES RPM
50 6.7 13.5 in. Hg 30 2200
50 18.7 9.5 in. Hg 29 2200
50 30.7 5.0 in. Hg 17 2200




Based on this experiment it was decided that one steady-state test
be performed. The vehicles were loaded on dynamometer until spark
advance began to drop approximately lo from full advance. This
nearly full advance, when disconnected would then contribute sig-
nificant performance differences and provide the maximum differ-

ence in observed temperature changes.

3.2.2 Environmentally Controlled Recirculation Air Technigque

Since only the radiator and the engine performance would affect
the test temperatures, a technique was developed to apply tem-
perature controlled air only to the front part of the vehicles.
Air was supplied by an 18,000 CFM blower to the exit grill placed
directly in front of the radiator. The size of the exit is ap-
proximately four square feet, providing a wind velocity of 50
miles per hour. The size of the exit nozzle was selected to fit
all vehicle radiators. The exit nozzle was adjustable in height

and was provided with a shutter type damper in front of it.

The heated air was directed toward the radiator during 50 mph road
load conditions. A roll dynamometer was used to simulate road
load conditions. Since the position of the dynamometer was fixed,
the length of the duct exit nozzle was adjustable to fit all ve-
hicle lengths.

The temperature tests were performed within an enclosed, environ-
mentally controlled room with the simulated wind applied to the
radiator and engine. The heated air, after passing by the ve-
hicle, was recirculated through a duct within the test facility.
An 80 KVA heater was installed in the duct between the blower and

the vehicles. The heater, in conjunction with a system of dampers



in the ducting, was used to control air temperature by blending
outside air and recirculated air. Thus, power requirements were
minimized. Two thermostats, one located mid-way on the return
duct for return air adjustment, and the other located at the
exit nozzle for exit air adjustment, were provided for accurate

temperature control for the tests.

The configuration and equipment required is shown in Figure 3-1.
The environmentally controlled recirculation air technique was

used because:

(a) It simulates actual road conditions for the
radiator and the engine.

(b} It reguires minimum electrical power, thus
reducing installation and operating costs.

(¢) It reduces interference with other operations
by reason of being enclosed.

The exhaust gas was first diluted by outside air and exhausted to

t
o
)]

outside atmosphere through the ceiling. A 1800 CFM blower

was utilized to ensure peositive flow.

In order to provide a safe and comfortakble environment for the
operators, the duct fan system was carefully designed to ensure
that the CO concentration in the enclosed test room was below the
Federally specified toxic level. A minimum amount of outside air
was mixed with the return air at all times. In addition, a sepa-
rate blower was employed to supply outside air directly overhead

of the operator. Since the outside air was cooler than the maxi-
mum of lOOO~F operating temperature, the comfort of the operator

as well as his safety was also achieved. The CO level was checked
periodically to assure that the room air CO concentration was with-

in acceptable limits.
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3.2.3 Preparation for the Test

As soon as the test vehicle was acguired, the mechanic observed
the overall vehicle condition to determine the acceptance or re-
jection of the vehicle. Upon acceptance, the participant was
provided a loan car if necessary, and the vehicle was thoroughly
inspected. Repair and adjustments listed below were performed

to ensure that the testing specifications were met.

o Check the vacuum advance diaphragm, and replace
i1f necessary. This is the key point for the
test. If the vacuum is not working, there is

essentially VAD at all times.

e Check enginé performance specifications, adjust

if necessary.

® Adjust idle timing to manufacturer's specifica-

ticon.

® Adjust idle engine speed to manufacturer's spec-

ification.

® Check the level of the engine lubrication oil,

add oil if necessary.
® Check radiator coolant level, fill to level.

® Inspect condition of radiator hoses and heater

hoses, replace if necessary.



e Inspect transmission fluid level on vehicles
with automatic transmission with engine on

and warmed up, add fluid if necessary.

® Check the condition and tensions on all belts,

adjust and/or replace if necessary.

® Check tires to insure good running condition.
Bare and new tires should not be used because
of the severe load and temperature conditions.

Inflate all tires to 45 psi for the test.

e Inspect exhaust system. Listen for loud leaky
exhaust. Physically inspect for leaks and
restrict exhaust to check for leaks. Reject

or repair exhaust system as required.

@ Check brakes for pedal play and hydraulic leaks

in the system.

® Record inspection data and actions taken.

All vehicle inspections conformed strictly to manufacturer's spec-
ification. 1In the cases when information was not available,

common mechanic's practice was exercised.

Type "J" (iron constantan) thermocouples were then installed on

the vehicles as shown in Figure 3-2, at the following locations:

{(a) In front of the radiator for ambient air in-
take temperature.

{b) At the air cleaner inlet for carburetor air
intake temperature.



ENGINE THERMOCOUPLE INSTALLATION

Figure 3-2.




(¢) At the radiator inlet for coolant water in
temperature.

(d) At the radiator outlet for coolant water out
temperature.

(e) At the end of o0il dip stick for engine oil
temperature.

(£) At the wall of heat-riser pipe for exhaust
gas temperature.

(g) Inside of tailpipe for exhaust gas temperature.

All thermocouples were equipped with quick connector plugs for the
recorders. In addition to the temperatures monitored, connections

were provided for measurement of:

® Distributor vacuum in inches of Hg
e Manifold vacuum in inches of Hg

e Engine speed in RPM

® Engine timing in degrees

e Dynamometer loading

Quick disconnect of vacuum lines was also provided during vehicle
preparation. All recorders and instruments were serviced and
calibrated every thirty days to insure data accuracy. The dyna-
mometer was calibrated every sixty days to assure the proper

loading for the vehicles.

3.2.4 Temperature Test System Operation

3.2-4.1 Test Procedure

The vehicle, after being prepared for the test, was positioned on

the roll dynamometer and securely tied down to the floor by chain.

3-13



The exhaust was connected to the exhaust fan. The thermocouples
were connected to the recorders and the vacuum hoses and timing
wires were connected to an Autoscan analyzer. The outside am-
bient conditions before the test were also recorded. While the
vehicle and the dynamometer were warming up, the heater of the
fan duct system heated the room air to the required equilibrium

temperature with the outside air shutter closed.

The dynamometer was loaded as discussed in Section 3.2.1, and en-
gine data (timing, speed, distributor vacuum, manifold vacuum)
were recorded with and without vacuum advance disconnected. The
vehicles with air conditioning were operated with air conditioning

on.

When the temperature of the fan exit air reached the required
eguilibrium temperatures (800, 90O or 100° F), the test was con-
ducted on the dynamometer. Since the engine generated a consider-
able amount of heat, the temperature would reach equilibrium in a
very short period of time. A thermostat sensed this increase in
temperature and operated an air cylinder to open the outside air
shutter. This dynamic balance of heat provided the necessary

response to control the temperature.

The temperature test was started with 50 mph loaded condition at
80o F without VAD for ten minutes, followed by a five minute idle
condition at the same temperature. Idling air was achieved by
diverting the airflow upward with a bypass shutter and by closing
the exit nozzle shutter. The test was repeated with VAD and then
both cycles (with and without VAD) repeated at 90° and 100° F

temperatures.



Tests were discontinued if any of the following conditions occurred:

® Excess exhaust temperature. This is indicated by
the cherry red color of exhaust pipe and by the
reading on the recorder. Testing was stopped to

prevent possible valve or engine damage.

e Boil-over. Stop the test and cool the engine to
normal operating temperature, continue the other
phase of the test (with or without VAD) with the

same temperature and stop test.

e Exhaust system failure. This involves safety of

the testing personnel; it should be repaired if
possible and continue testing. If irreparable,

abort test.

e Tire failure. Replace spare tire and continue

test. Reimburse owner with replacement tire.

® Temperature problem. On occasion, the outside

ambient temperature would exceed the test tem-
perature condition. Under these circumstances,

the test was discontinued and rescheduled.

All temperatures and the "time to boil" were recorded during the
test for further analysis. "Time to boil" is defined in this

program as one of the following:

e Actual time to boil from the beginning of the

idling mode if the vehicle boils over.

w
1

15



e Time to reach an equilibrium or maximum tempera-

ture during the idling mode.
e Five minutes; if the vehicle does not boil over

or reach an equilibrium temperature at the end

of the idling mode.

3.2.4.2 Test Flow Schedule

In order to perform the test most efficiently and effectively, a

test flow schedule and test form instructions were generated.

The test form instructions (Appendix C) described all steps which
each individual person should perform during the entire test
(from acquiring the test vehicle to returning it to owner). This
was done to insure that allbnecessary tasks were performed and

precautions taken.

A test flow schedule was generated to minimize the time of the
entire test cycle. This was important because of the tight test
schedule required for this program. Maximum efficiency was nec-
essary to complete the testing within the desired schedule.
Figure 3-3 details the flow schedule for the VAD temperature
test. With the cooperation of vehicle procurement, and mechanics,
this flow schedule enabled the test personnel to complete three-

vehicle testings in a single shift.

3.2.4.3 Problems Encountered

The major problem encountered during the testing period was a lo-

cal heat wave in mid-summer. The ambient air temperature fre-
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FLOW SCHEDULE FOR

THE VAD TEMPERATURE TEST



guently exceeded 90° F by 9 o'clock in the morning. Since the
only source of cooling capability of the fan duct system was
the outside air, the lower operating temperature was limited
by the ambient air temperature. The testing schedule was sig-
nificantly delayed and several tests were aborted or determined

to be invalid.

This problem was solved when the following changes were imple-

mented:

(a) Raise the limiting temperature:

It was agreed with ARB that on a hot day with
heat problems, the limiting temperature could
be increased to 85° F without aborting the
test. Unless the vehicle boiled over at this
temperature, it did not require rescheduling

for retest.

(b) Alter the testing schedule:

It was finally necessary to test the vehicles
on a late night shift when the air temperature
was cooler. Extra loan cars were needed be-
cause the time of possession was extended an

extra day.

A tire failure problem was encountered in this program which was
caused by the severe load condition imposed on tires by the dyna-
mometer. It was found that certain types of tires were not suit-
able under these severe test conditions. At high temperature,
high pressure and continuous loading on the dynamometer, some

tires did not generate sufficient cooling by themselves and



failed. The problem was minimized by providing two fans directed

toward the tires to prevent the heat buildup during the tests.

It was discovered on some 1958 to 1965 GM vehicles that the idle
speed changed significantly with VAD and without VAD because of
the dual-ported carburetor system. Normally, on these cars, the
distributor experiences full vacuum at idle speed. When the vac-
uum was disconnected, the idle speed dropped signicantly. To
maintain the idle at manufacturer's specification with VAD with-
out readjusting the idle speed, it was necessary for the driver

to advance the throttle until the idle speed returned to normal.

The tests of several vehicles were discontinued due to various
reasons. They are listed as follows, together with the explana-

tion for terminating the test.

e #012 - '61 Falcon (144 CID) - car misfiring and
missing at 100° F with VAD during middle of

test. Speed of 50 mph could not be achieved.

e H#029 - '64 Ford (170 CID) - this vehicle exhi~-
bited an excessive increase in exhaust gas tem-—
perature with VAD which forced the termination

of the test.

e #030 - '63 Impala (283 CID) - at 100° F with
VAD 0il and exhaust temperature rose too high
whereas the cooling temperature decreased
rapidly which indicated a failure in cooling
system (possibly the water pump). The test

was discontinued to avoid engine damage.



o #139 - '67 Tempest (326 CID) - oil temperature
reached lOOO F with VAD. Test was discontinued

to avoid engine damage.

3.3 PROGRAM EVALUATION AND RESULTS

This section evaluates and discusses the results of the testing
program. Vehicle boilovers are presented and discussed in de-
tail. The statistical analysis of sample size and boilover are
presented considering the effect of ambient temperature, model,
make, vehicle weight, engine size, test loading on vehicle and
percent grade of the slope. The effects of VAD on the engine
boilover are also considered. The temperature differences
caused by VAD are discussed by showing mean and standard devia-
tions on all engine temperatures. In addition, the same com-

parison 1is done by engine classes.
It is interesting to note that 9% of the controlled vehicles and

19% of the uncontrolled vehicles had faulty vacuum advance mech-

anisms requiring replacement before testing.

3.3.1 Vehicle Boilovers

Vehicles tend to overheat and boil over due to the incapability
of the radiator to cool the engine when the engine is stressed
in extreme temperature (such as stop and go city driving on a
warm summer day, hill climbing on regular interstate highways,

and prolonged idling after a heavy road load operation).

The test cycle chosen was a ten minute, 50 mph, loaded condition

followed by 5 minutes of idling. This was believed to be one of



the most severe cases leading to engine boilover since all the
heat generated during the loaded condition would be imposed on
the radiator during the idling condition. Heat transfer during

idling is significantly reduced causing boilover.

A total of 28 vehicles boiled over during this 200-vehicle test-
ing program. A summary of boilover statistics is shown in
Tables 3-4 and 3-5. Also, detailed information on each of the

vehicles is listed below:

(a) Ten of the controlled vehicles boiled over.
70% of these can be attributed to discon-
necting the vacuum advance. This indicates
that the vacuum advance disconnect has sig-
nificant effect on engine boilover on con-
trolled vehicles. For the vehicles that
boiled over, 10% boiled over at 80O F, 20%
boiled over at 90° F, and 70% of them boiled
over at 100° F. This coincides with the
expectation that boilovers would occur more
often at high ambient temperatures. Most
of the boilovers occurred during the idling
mode. Approximately 20% of the boilovers
occurred at 50 mph loaded condition. This
may suggest that for controlled vehicles,
the radiator usually would provide sufficient
cooling during road condition regardless of
vacuum advance disconnect. However, the im-
posed heat during idling mode with wvacuum
advance disconnected would overload the

radiator and cause boilovers.
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(b)

Following is a list of the vehicles that boiled

over in the controlled fleet.

#122

#128

#130

#131

#134

#146

#153

#154

#184

#188

'670Camaro (327 CID) - boiled over at
100" with VAD 220 seconds after idling.

'66 GTO (389 CID) - boiled over at 80°
with VAD 270 seconds after idling.

'69 Cougar (351 CID) - boiled over at
100" with VAD 179 seconds after idling
and without VAD 36 seconds after idling.

'68 Cougar (302 CID) - boiled over at 90°
with and without VAD at loaded condition.

'68 F-85 (350 CID) - boiled over at 100°
with VAD 210 seconds after idling.

'690Executive (400 CID) - boiled over at
100~ without VAD 237 seconds after idling
and with VAD at loaded condition.

'66 Nova (283 CID) - boiled over at 90°
with VAD 180 seconds after idling.

'66 Mustang (200 CID) - boiled over at
100" with VAD 170 seconds after idling.

'660Corona (1900 CcC) - boiled over at
100" with VAD 120 seconds after idling.

'70 Fury III (383 CID) -~ boiled over at
100" with VAD 270 seconds after idling.

Eighteen of the uncontrolled vehicles boiled over.

Only 33.3% of them can be attributed to disconnecting

the vacuum advance. The balance (66.7%) boiled over

both with and without VAD. This may suggest that

either most of the uncontrolled vehicles tested were

equipped with faulty cocling systems or the VAD does

not increase the engine coolant temperatures as much



as in the case of the controlled vehicles. However,
the exhaust temperature does increase and the effect
of VAD will be discussed later in the exhaust temper-

ature section.

Approximately 38.9% of the vehicles boiled over at
lOOO F, 22.2% of the vehicles boiled over at 90O F,
and 38.9% of them boiled over at 80° F. This also
suggested that bad or inadequate cooling systems are
not uncommon among the uncontrolled vehicles in the
gelected test group. Disconnecting the vacuum ad-
vance did tend to insure the boilover and intensify
the overheating problem. This is further indicated
by the observation that all vehicles which boiled
over at 80O F did so both with and without VAD, and
two of them boiled over during the 50 mph loaded
condition. PFollowing is a list of the uncontrolled

vehicles which experienced boilover.

#007 - '64OSkylark (300 CID) - boiled over at
100" with VAD 30 seconds after idling.

#017 - '65 Galaxie (390 CID) - boiled over at
80° with and without VAD 10 seconds
after idling.

#021 - '63 Riviera (425 CID) - boiled over at
80° with and without VAD at loaded
condition.

#028 - '64 Mercury (390 CID) ~ boiled over at

100° with VAD 201 seconds after idling.

#030 - '63 Impala (283 CID) - boiled over at
90° with VAD 170 seconds after idling.

#0399 - '63 Galaxie (352 CID) - boiled over at
90° with VAD 270 seconds after idling.



#044

#053

#058

#059

#066

#068

#069

#078

#080

#084

#088

#097

'650Datsun (1200 cC) - boiled over at
100" with VAD 170 seconds after idling.

'63 Custom 88 (383 CID) - boiled over at
90° with VAD 210 seconds after idling
and without VAD 270 seconds after idling.

'65 Dart (225 CID) - boiled over at 100°
with VAD 300 seconds after idling.

"63 Nova (194 CID) - boiled over at 80°
with and without VAD at loaded condition.

'62 Electra (401 CID) - boiled over at
80° with VAD 300 seconds after idling
and without VAD 240 seconds after idling.

'65 Special (300 CID) - boiled over at
80° with VAD 180 seconds after idling
and without VAD 120 seconds after idling.

'6lOTempest (195 CID) - boiled over at
100" with VAD 170 seconds after idling.

'63 Rambler (197 CID) - boiled over at
80° with VAD 170 seconds after idling
and without VAD 120 seconds after idling.

'64 Country Squire (390 CID) - boiled
over at 100~ without VAD 240 seconds
after 'idling.

'620Cutlass (330 CID) - boiled over at
100 with and without VAD 240 seconds
after idling.

'63 Ford Custom (352 CID) - boiled over
at 90° with VAD 210 seconds after idling
and without VAD 140 seconds after idling.

'63 Galaxie (289 CID) - boiled over at
80° with VAD 300 seconds after idling
and without VAD 90 seconds after idling.



3.3.1.1 Boilover by Auto Make

In order to investigate the boilover effect as a function of Auto
Make, all test vehicles were divided into five groups, namely,
American Motors Company, Chrysler Corporation, Ford Motors Com-
pany, General Motor Company and Foreign cars. The vehicle sta-
tistics which include sample size, boilover, and percentage of
boilover are presented in Table 3-6 and plotted in Figure 3-4.
It can be seen that General Motors had the largest sample size
among both of the controlled and uncontrolled vehicles. The
sample sizes for Ford Motors and Chrysler were similar. There
were only three American Motor's products in controlled vehicles
and one foreign car in uncontrolled vehicles so the results in

these groups may not be representative.

Excluding these potentially non-representative data, Chrysler
products experienced the least boilovers. Only one of the 20
controlled vehicles and one of the lé uncontrolled vehicles
boiled over. Ford Motor Company, on the other hand, experienced
the most boilovers in percentage which includes 3 boilovers among
the 27 controlled test vehicles and 6 boilovers among the 23 un-
controlled test vehicles. General Motors Company cars showed an
average amount of boilover among their products in both con-

trolled and uncontrolled groups.

3.3.1.2 Boilover by Vehicle Gross Weight

In order to determine the effect of vehicle gross weight on ve-
hicle boilover, test vehicles were divided into weight classes
similar to the ones specified by the Federal Register. The ve-

hicle gross weights were plotted against the sample size, number
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of boilovers and percentage of boilovers and presented in Figure

3-5. The numerical values are shown in Table 3-7.

The number of test vehicles were uniformly distributed between
3000 = 4500 pounds for both controlled and uncontrolled vehicles.
The sample sizes for the extreme light and heavy vehicles were
too small to support any strong conclusions. For the controlled
vehicles, the boilover varied from 10% for the 4500-pound class
to 25% for the 3000-pound class. For the uncontrolled vehicles,
the span was even smaller, the percentages of boilovers were:
12.5% (35004), 19.3% (3000#), 21.7% (4000#) and 22.2% (4500%#).
This suggests that the vehicle gross weight does not have a

significant effect on vehicle boilovers.

3.3.1.3 Boilover by Engine CID

In order to determine the effect of engine size (CID) on boil-
overs, all the test vehicles were grouped into six (6) engine

classes defined as follows:

Displacement
Class (Cubic Inches)
A Under 200
B 200 - 249
C 250 - 299
D 300 - 349
E 350 - 399
F 400 and Up

The number of test vehicles, number of boilovers and percentage
of boilovers are presented in Table 3-8 and plotted in Figure 3-6.
It is seen that class E had the largest sample size both for con-

trolled and uncontrolled vehicle groups. Class B had the smallest
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sample size for controlled groups and share the least sample size

with class F in uncontrolled vehicles.

For the controlled vehicles, except for the class B all classes
had a similar percentage of boilovers. As for the uncontrolled
vehicles, class B and class C experienced approximately 10% boil-
over whereas the other classes experienced a 20% boilover per-

centage.

Figures 3-7 and 3-8 present the boilover statistics by exact en-
gine CID for controlled and uncontrolled vehicles. For con-
trolled vehicles, the boilovers are spread quite uniformly across
the engine CID as shown before. However, for uncontrolled ve-
hicles, more boilovers were experienced by engine sizes of 308,
352 and 390 CID. This may suggest that these engines are partic-
ularly vulnerable to the adverse effect of VAD.

3.3.1.4 Boilover by Engine Loading

In order to evaluate the engine loading effect on boilover, the
test vehicles were divided into 5 different groups by grade
horsepower. Grade horsepower is the horsepower required to
climb a grade which is steep enough for the engine to show a lO
retard in timing advance. This horsepower is in addition to the
50 mph level road horsepower specified by the Federal Register.
The number of test vehicles, number of boilovers and percentage
of boilovers are plotted in Figure 9 and the numerical data are

presented in Table 3-S.

Most of the vehicles tested were loaded on the light side of the

curve. The vehicles operating at medium loads experienced the
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least amount of boilover. The vehicles operating at light or ex-

tremely high load showed a higher percentage in boilover.

Two reasons may possibly explain this phenomenon of engine load-
ing on boilover. The high load imposed on an engine would cer-
tainly stress and overload the engine, and cause the boilover.
The light loadings may represent a group of vehicles which were
in such a poor condition that they were already stressed to their
maximum capacity at a slight load. This can be further evaluated
when gross vehicle weight is imposed on grade horsepower and the
statistics expressed in terms of road grade. The results are
shown in Table 3-10 and plotted in Figure 3-10. Although the
differences are not great, it is clear on uncontrolled vehicles
that higher percentages of boilover occurred at the least and

highest road grade.

3.3.2 Vehicle Temperature Statistics

Vehicle engine temperatures were measured at the following loca-

tions during the test.

(a) In front of the radiator for ambient air intake
temperature.

(b) At the air cleaner inlet for carburetor air in-
take temperature.

(c) Radiator inlet for coolant water in temperature.
(d) Radiator outlet for coolant water out temperature.
(e) At end of o0il dip stick for engine o0il temperature.

(£) At the wall of heat-riser pipe for exhaust gas
temperature.

(g) Inside of tailpipe for exhaust gas temperature.
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The temperatures which were believed to be most significant to the
engine were compiled and summarized in the form of mean and stan-
dard deviation as shown in Table 3-11. The mean is the average of
the recorded temperatures. The standard deviation is a measure-
ment which indicates how the temperatures are spread out from the
mean temperature. It 1s also known as a measure of dispersion.
The measure will be large if the temperatures are distant £from the
mean temperature and small if they are close to the mean. The
variance which is the square of standard deviation is defined as
the sum of squares of the deviations of the temperatures from the
mean temperature divided by one less than the total number of test
vehicles. In mathematical symbols, let § be the mean temperature,
let Xl’ X2, e eeey Xn be the observed temperature, then Xl - § is
the deviation of the first observed temperature from the mean tem-—
perature, and so on (where N is the number of total observed tem-

peratures) .
The formula for standard deviation(s) is:

1/2

-, 2 2 . .
S = 2: (x. - x) where S~ is the variance.

The data are presented for controlled cars and uncontrolled cars.
Baseline temperature is defined as the temperature when the ve-
hicle was operated under normal conditions —-- without vacuum ad-
vance disconnected. The temperature difference is defined as the
difference between the test temperature with VAD and the baseline
temperature. A negative number means that the temperature with
VAD is lower than without VAD. The sample size varies with dif-
ferent measurements. There are reasons for the reduced sample

gize in this data summary.



(a) Vehicle boilover invalidates the significance
of the temperature data since the test termi-
nates immediately afterward to avoid damage

to the vehicle.

(b) The exhaust temperature at heat riser pipe
was not recorded at the beginning of the

program.
(¢) Termination of the test by reasons other than
boilover; e.g., too high exhaust temperature

which may damage the vehicle, etc.

(d) Data considered to be erroneous by statistical

means.

From the summary of the temperature data presented in Table

the following conclusions are derived:

For the controlled vehicle group

® The average exhaust temperature increased ap-

proximately 10% under the loaded condition.

® The average exhaust temperature at the heat

riser increased approximately 4% at idle con-

dition whereas the exhaust temperature at the

tailpipe increased almost 7%.

e Water temperature increased only slightly with

vacuum advance disconnected especially during

11,
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For

the idle condition. In general, it is con-
cluded that coolant temperature did not show

much variation.

0il temperature decreased slightly with vac-

uum advance disconnected.

Monitored temperatures generally increased as

the ambient temperature increased.

uncontrolled vehicle group

The average exhaust temperature under loaded
conditions increased approximately 8% at both

the heat riser and tailpipe.

The average exhaust temperature at idle con-
dition increased approximately 6% at both the

heat riser and tailpipe.

The average coolant temperature decreased
glightly during loaded condition and showed

little variation during idling.

0il temperature decreased both under loaded
and idle conditions with the vacuum advance

disconnected.

Monitored temperatures generally increased as

the ambient temperature increased.

w
|
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3.3.2.1 Vehicle Temperature by Engine Class

The same format of vehicle temperature summary was repeated for
the six (6) different engine classes in order to determine
whether there was any difference between engine classes. The
results are presented in Table 3-12 through Table 3-17. It is
observed that most of the temperatures varied slightly from each
other and no significant difference should be concluded except
for the following discussions where the data showed some degree
of difference in the mean temperature or standard deviations
from the total fleet. The general comparison was made in two

groups, controlled and uncontrolled vehicles.

(a) Controlled Vehicles

® The class A group vehicles had the lowest
baseline temperature without VAD. All
the engine mean temperatures of class A
in baseline tests without VAD were smaller
than the total fleet mean temperatures ex-
cept the exhaust temperature at 100° F

idling.

@ In class B group of vehicles, the exhaust
baseline without VAD mean temperatures at
heat riser during loaded condition were
much greater than the mean temperatures
on the total fleet. Also, the mean and
standard deviations of the temperature
difference deviated greatly from the total
fleet. Since there were only four vehicles

in this group, this sample size is too small
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compared with the sample sizes of the total
fleet and the other engine CID classes.
Therefore, no significant conclusion can be
drawn from the data of mean temperatures
and standard deviations of the class B ve-

hicles.

® In the class E group of vehicles, the stan-
dard deviations of the baseline temperature
without VAD were generally smaller than
those in the total fleet. That is, the ob-
served temperatures in this engine CID group
were scattered closer to the mean tempera-

ture than the total fleet.

(b) Uncontrolled Vehicles

e In class B group of vehicles, the exhaust
baseline mean temperature without VAD at
heat riser was higher than the total fleet
while the baseline coolant temperatures
were less than the total fleet mean temper-

atures.

e In class D group of vehicles, the engine
size between 300 - 349 CID group, the ex-
haust baseline mean temperatures without
VAD at the heat riser and at tailpipe were

less than the total fleet.

® In class F group of the vehicles, the base~

line mean temperatures were greater than



for the total fleet as well as for class

C, D and E vehicles.

3.4 CONCLUSIONS

The general conclusions drawn from this study program are:

e VAD affected 70% of the boilovers among controlled

vehicles.

e VAD affected 33.3% of the boilovers among the un-

controlled vehicles.

@ VAD affected extreme

vehicle.

® VAD affected extreme

hicles.

® VAD in general would

ture.

e VAD in general would

exhaust temperatures on one

0il temperature on two ve-

increase the exhaust tempera-

slightly decrease the coolant

temperature and oil temperature.

® When the vacuum advance is disconnected on an en-—

gine not designed for that feature, less heat is

rejected in the cooling system and more heat is

rejected in the exhaust system.
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APPENDIX A

DYNAMOMETER CALIBRATION



‘ . OLSON LABORATORIES. INC.

TESTING SERVICES DIVISION
DYNAMOMETER CALIBRATION DATA

DEPT NO. SHIFT

TRAIN

DATE P.l1.C.

0352 1

VAD

T-25-72 AV/LB/REP

FORMULA: HPd = 0.06073 (Wi/1)

HPd = ABSORBED ROAD HORSEPOWER
0.06073 = CONSTANT

Wi = EQUIVALENT INERTIA

t = ROLL DOWN TIME (SEC.)

IHP AHP
) 0.06073 (4000/ 67.5 h) = 3.6
0. 06073 (4000/ 67.5 th) = 3.6
0. 06073 (4000/ 67.5 ) = 3.6
0. 06073 (4000/ N
3.6 = AVE. AHP
5 0.06073 (4000/ 596 ) = 8.0
0. 06073 (4000/ 24 b)) = g4
0.06073 (4000/ 29.3 ta) = 8.3
0. 06073 (4000/ ty) =
' 8.2 = AVE. AHP
10 0.06073 (4000/ 17 - H) =13.6
0.06073 (4000/ 1 - b) =136
0. 06073 (4000/ ;g ta) =135
0. 06073 (4000/ ty) =
13.6 = AVE. AHP
15 0.06073 (4000/ h) =87
0. 06073 (4000/1, b)) Sga°
0.06073 (4000/,, g t3) =g
0. 06073 (4000/ ty) =
18.8 = AVE. AHP
20 0. 06073 (4000/10 ty) h.0
0. 06073 (4000/ 9.9 t)) U5
0. 06073 (4000/ 9.8 ta) 3.8
0. 06073 (4000/ ) =
0.5 =AVE. AHP
25 0.06073 (4000/ g - H) 59,7
0.06073 (4000/ g , ) So.0
0.06073 (4000/ t3) Ho.2
0. 06073 (4000/ ty) =
00.6 = AVE. AHP
30 0. 06073 (4000/ ¢ g t) Se e
0. 06073 {4000/ ¢ o ih) = g
0. 06073 (4000/ 7.0 ta) =) £
0. 06073 (4000/ t) =

'35.0 =AVE. AHP




‘ . OLSON LABORATORIES. INC.

TESTING SERVICES DIVISION
DYNAMOMETER CALIBRATION DATA

DEPT NO, SHIFT TRAIN DATE P.I.C.
0352 1 VAD 9/28/72 AV/1B/REP
FORMULA: HPd = 0.06073 (Wi/t) HPd = ABSORBED ROAD HORSEPOWER
0.06073 = CONSTANT
Wi = EQUIVALENT INERTIA
t = ROLL DOWN TIME (SEC.)
IHP AHP
(1) 0.06073 (4000/ 57.1 h) = 4.3
0. 06073 (4000/ 57.0 b)) = L3
0. 06073 (4000/ 57.1 ta) = 4.3
0. 06073 (4000/ t) =
4.3 = AVE, AHP
5 0. 06073 (4000/ 2.0 ) = 10.1
0.06073 (4000/ 23.9 1) = 10.2
0.06073 (4000/ 23.9 t) = 10.2
0. 06073 (4000/ ty) =
| 10.2 = AVE. AHP
10 0. 06073 (4000/ 14 o H) = 15.0
0.06073 (4000/ 1¢ g t) = 15.2
0. 06073 (4000/ 1¢ ; t) = 15,1
0. 06073 (4000/ ty) =
15.1 = AVE. AHP
15 0.06073 (4000/11 .9 ) =20,y
0. 06073 (4000/11 .5 t) =11
0.06073 (4000/17 7 t3) = 20,7
0.06073 (4000/17 .7 ty) =20.7
20.7 = AVE. AHP
20 0. 06073 (4000/ .5 t) =25.6
0.06073 (4000/ 9.5 t) =25.6
0.06073 (4000/ o.¢ ta) =p5.3
0. 06073 (4000/ t) =
B L 25.5 TAVE. AHP
25 0. 06073 (4000/17.6 t) = 31.9
0. 06073 (4000/17.8 t,) = 31.1
0. 06073 (4000/ 7.7 ta) = 31.5
0. 06073 (4000/ ty) =
‘ 31.5 = AVE. AHP
30 0. 06073 (4000/16.7 ) =360
~ 0.06073 (4000/1¢.8 t) =35.7
0. 06073 (4000/1¢.7 ty) =36.2
0. 06073 (4000/ t) =
A-3 36.0 = AVE. AHP
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APPENDIX B

TEST DATA FORMAT



TEST VEHICLE INSPECTION AND TEST RESULTS

—_———— e —_—— e e

CAR NO. RUN NO, TEST DATE PROJECT NO.
NAME ADDRES S
e
Z | ary STATE 21
z
O PHONE APPOINTMENT DATE TIME
Z
58 — e e — v — e m—— —— — — — m—— — — — — —
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APPENDIX C

TEST FORM INSTRUCTION



The following is the Test Vehicle Instruction on data format.

TEST FORM INSTRUCTION

All recordings

shall be in accordance with the specified procedure and shall be sufficiently

legible for data evaluation.

I.

IT.

I1T.

General Provision

(1) Enter only one letter per dash mark.

(2) Make a check mark on box where applicable.

(3) Round up to the closest number when space is not provided for.

Headings

CAR NO.:

RUN NO:

TEST DATE:

PROJECT NO:

Ovwner
NAME :

ADDRESS :

CITY:
STATE :
ZIP:

PHONE:

Agsign from 000001 to 100200

First Digit: O for uncontrolled vehicles, 1 for
controlled vehicles.

Last 3 Digits: Numbers of vehicle

Not required

Date of the test performed. e.g. 7-24-72

88807002

Name of the owner. e.g. John D. Doe

Street Address of the Owner. e.g. 500 E. Orange-
thorpe Avenue

City of the address. e.g. Anaheim

State of the address, e.g. California

Zip code of the address. e.g. 92801

Telephone number of the owner including extension.

e.g. 870-5000 Ext. 513 work
871-3456 Home



APPT. DATE: Date of appointment. e.g. 7-2L-72

TIME: Time of appointment. e.g. 8:00 A.M.

Vehicle Information

MAKE: Manufacturer of car make. e.g. Ford

YEAR: Year of the vehicle. e.g. 72

MODEL: Model of the vehicle. e.g. Mustang

CYL: Number of cylinder of engine. e.g. 4, 6, or 8
CID: Displacement of engine. e.g. in cubic inch

displacement 289 to the nearest cubic inch
A/C: This indicates the presence of air conditioning
CONTROL TYPE: This indicates the type of emission control.

O - no air conditioning
1 - with air conditioning

CONTROL TYPE: This indicates the type of emission control.

0 - uncontrolled 65 or older
1 - controlled 66 or newer

LICENSE NO: License number or marker plate

ST: State vehicle is registered in.

SERTAT: NO: Vehicle serial or identification number used for
licensing

ODOM: Odometer reading in whole miles at the time of test

Vehicle Inspection

An inspection will be conducted by the mechanics receiving the
vehicle. The critical part of initial inspection is to determine
the vehicle is in sound condition which will perform the entire
test safely and satisfactorily. If the technician feels that the
vehicle is in poor condition and will not start, and or, will not
perform the test schedule adequately and safely, the vehicle should
be rejected.



The following items should be inspected and checked at the
appropriate boxes. Comment if action is taken.

OIL:

COOLANT:

HOSE

TRAN LEVEL:

BELTS :

TIRE:

EXHAUST:

Check the level of the engine lubrication oil

OK - less than one quart low
BAD - more than one quart low. Action - Add
one quart

Check radiator coolant level

0K - Above coil level
BAD - Below coil level. Action - Fill to coil
level

Inspect conditions of hoses

OK - estimate will not blow during test
BAD - will not last the test performance schedule.
Action - replace hose

With engine on and warmed up, check the level of
transmission oil

OK - less than one gquart low
BAD - more than one guart low. Action -~ add a quart

Inspect the conditions of belts and their tensions

0K - In good condition and proper tension

BAD - Belts in poor condition and need replacement
and/or belts too loose. Action - replace
belt and/or adjust belt to proper tension.

Tires should be in good running conditions. New
tire should not be accepted. Inflate all tires
to 45 psi per Federal Register.

0K - Tire in good condition
BAD - Tire will not last the test schedule .
Action - reject vehicle

Exhaust system should be inspected properly for

safety reasons. Listen for loud leaky exhaust.

Physically inspect for leak and restrict exhaust
to check for leak.

OK - Pass the exhaust test



VI.

EXHAUST: BAD - Exhaust system needs to be replaced or re-

paired. Action - reject or repair exhaust
respectively.

BRAKE:: Check brake for pedal play and hydraulic lesk in
the system

OK - Pass brake test

BAD -~ Low pedal height or brake would not hold.
Action - adjust brake or reject vehicle
respectively.

COMMENT : State action taken if any BAD item is checked.

INSPECTED BY: Initialed by mechanics

The following description will aplly to the wvehicle adjustment.

SPEC: Manufacturers specification. Tolerances and
ranges as specified. If not specified, judge as

mechanic’s common practice.

ACTUAL: The actual reading measured, if adjustment is made,
enter the adjusted reading.

IDLE RPM: The engine speed at idle condition, state N for
neutral and D for drive when rpm is taken.
e.g. é OO0ON

IDLE TTMING: The ignition timing at idle engine speed, state

A for After Top Dead Center and B for BTDC.
e.g. 12 .08

RAD CAP PRES: The cooling system operating pressure. (Note:
The radiator pressure cap must be capable to
withstand such pressure. e. g. 9 2 - 0

MANIFOLD VACUUM: Vacuum at manifold in inches of Hg. No
manufacturer's specification. e.g. 0 5 . O

DISTRI VACUUM: Vacuum to the distributor in inches of Hg. e.g.
00 .4k

Note: Mechanics should also check the vacuum and centri-
fugal advances are in operable condition.

Test Data & Results

INTERTTA: Inertia of the vehicle class as per Federal Register.
e.g. 2000

C-5




HP @ 50 MPH:

GRADE HP:

TOTAL HP:

DB:

BARO P:

Actual horsepower specified by Federal Register
per vehicle inertia class at 50 mph, volume 35,

No. 219, Nov. 10, 1970. Set dyno to this actual
HP initially.

Leave blank

Increase the dyno power until timing starts to
fall approximately one degree from the initial
operating condition. Record the indicated HP.

Wet bulb temperature at beginning of test outside
the room on psychrometer

Dry bulb temperature at beginning of test outside
the room on psychrometer.

Barometer Pressure at beginning of test outside
the room

(a) Engine loaded at indicated total HP measure and record the
following as defined in Section V with and without the VAD

device:

Timing
RPM
Manifold Vacuum

Distri. Vacuum

(b) Temperature Data

TATM: Temperature of air under hood

TCAB: Temperature of carburetor intake air

TWI: Temperature of radiator water inlet

TWO: Temperature of radiator water outlet

TOIL: Temperature of engine oil

TEXH: Temperature of exhaust

LOADED: Means the temperature taken is the
equilibrium temperature when the vehicle

is operating at the indicated total HP
50 mph head wind (@ 50 mph speed)



IDLE:

TIME TO BOIL :

Means the temperature taken is the maximum
temperature when the vehicle is operating
at idle condition

Time to reach the maximum temperature from

beginning of idle condition or actual time
to boil.



APPENDIX D

VEHICLE TEMPERATURE DATA
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